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Summary. The uranyl(VI) malonate complex formation was
studied by time-resolved laser-induced fluorescence spec-
troscopy (TRLFS) at pH 4 and an ionic strength of 0.1 M
NaClO4. The uranium concentration was 5×10−6 M at ligand
concentrations from 1×10−5 to 1×10−2 M.

The measured fluorescence lifetimes of the 1: 1 and
1 : 2 uranyl(VI) malonate complexes are 1.24±0.02µs and
6.48±0.02µs, respectively. The fluorescence lifetime of the
uranyl(VI) ion is 1.57±0.06µs in 0.1 M perchloric media.
The main fluorescence bands of the malonate complexes
show a bathochromic shift compared to the uranyl(VI) ion
and are centered at 494 nm, 515 nm and 540 nm for the
1 : 1 complexes and at 496 nm, 517 nm and 542 nm for the
1 : 2 complex. The spectra of the individual uranyl(VI) mal-
onate complexes were calculated using a multi exponential
fluorescence decay function for each intensity value at each
wavelength, covering the entire wavelength range. Stability
constants were determined for the complexes UO2C3H2O4

◦
(aq)

and UO2(C3H2O4)2
2− from results of spectra deconvolution

using a least square fit algorithm (logβ1
◦ = 4.48±0.06,

logβ2
◦ = 7.42±0.06 or logK2

◦ = 2.94±0.04). The results
are compared with literature values obtained by potentiometric
measurements.

1. Introduction

The complexation behavior of humic substances with
uranyl(VI) ions has been studied extensively [1–10]. Humic
substances are complex polyelectrolytes. Their thermody-
namic descriptions include the metal ion charge neutral-
ization model proposed by Czerwinskiet al. [1] and the
approach using protonation capacities of functional groups
published by Rao and Choppin [10].

In order to simulate humic acid functionality, we used
model substances with elementary structural units of humic
acid molecules for thermodynamic studies of their metal ion
complexation behavior. The functional elements of humic
substances involved in the complexation of metal ions are
mainly carboxylic and phenolic groups [11–15]. However,
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the dissociation of phenolic groups occurs mostly at alkaline
pH. Our experiments were carried out at a pH of 4 to min-
imize hydrolysis of the uranyl(VI) ion. At this pH only the
interaction with the carboxylic groups has to be considered.

Our functional model substances are mono- and dicar-
boxylic acids such as salicylic, phthalic and malonic acid.
Salicylic and phthalic acids represent simple aromatic struc-
tural elements of a typical humic acid molecule. Malonic
acid can serve as an aliphatic structural element.

The interaction of the uranyl(VI) ion with carboxylic
acids was studied by several authors [15–22]. However,
most of these studies used indirect determination methods
such as potentiometric titrations. All reported investigations
required uranium concentrations of 10−2 to 10−4 M, which
is much above the concentration levels usually found in
uranium-contaminated environments.

This paper presents a direct study of uranyl(VI) mal-
onate complexation using laser-induced time-resolved fluo-
rescence spectroscopy at metal concentrations relevant for
environmental aquatic systems.

2. Experimental

2.1 Reagents

All chemicals were purity grade “pro analysis, p.a.” (Merck).
Filtered and deionized water (Milli-RO, Milli-Q-System,
Millipore, Molsheim, France) was used for sample prep-
aration. The uranium stock solution was prepared by dis-
solving Na2U2O7·6H2O in 1 M HClO4 (Sodium diuranate
hexahydrate was precipitated from uranyl nitrate solution
according to the method given by Gmelin [23]).

Weighed amounts of malonic acid were dissolved in wa-
ter to prepare two stock solutions of 10−3 M and 5×10−5 M
each. The elemental composition of the malonic acid was
verified with an elemental analyzer (Model CHNF-932,
Leco, St. Joseph, MI, USA). The purity of the chemicals and
the analytical uranium concentration of the uranium stock
solution was determined by ICP-MS analysis.

Aliquots were transferred into volumetric flasks to ob-
tain a final uranium concentration of 5×10−6 M. For each
sample, the malonic acid stock solution was added to
cover a metal: ligand ratio range from 1: 2 to 1 : 2000.
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Table 1. Species concentrations and stability constants obtained in this work (logβ values for samples 11–14 are not calculated due to insignificant
concentrations of UO2

2+
(free)) (∗logβ2 I=0.1 M = logβ1, I=0.1 M + log K2, I=0.1 M).

No. C3H4−x O4
−x

(tot.) C3H2O4
2− UO2

2+
(free) UO2C3H2O4

◦
(aq) UO2(C3H2O4)2

2− logβ1, I=0.1 M logβ2, I=0.1 M log K2,I=0.1 M

[M] [M] [M] [M] [M] (±0.02) (±0.04) (±0.04)

1 0 0 5.00×10−6 0 0 − − −
2 1.0×10−5 5.03×10−7 4.42×10−6 6.84×10−7 − 5.49 − −
3 2.5×10−5 1.28×10−6 3.75×10−6 1.37×10−6 − 5.46 − −
4 5.0×10−5 2.59×10−6 3.14×10−6 1.93×10−6 − 5.38 9.18∗ 3.80
5 7.5×10−5 3.92×10−6 2.66×10−6 2.39×10−6 − 5.36 9.21∗ 3.85
6 1.0×10−4 5.24×10−6 2.31×10−6 2.82×10−6 1.40×10−7 5.37 9.35 3.98
7 2.5×10−4 1.33×10−5 1.33×10−6 3.29×10−6 3.70×10−7 5.27 9.20 3.93
8 5.0×10−4 2.67×10−5 6.04×10−7 3.48×10−6 7.35×10−7 5.33 9.23 3.90
9 7.5×10−4 4.02×10−5 5.10×10−7 3.53×10−6 9.88×10−7 5.24 9.08 3.84

10 1.0×10−3 5.37×10−5 3.11×10−7 3.38×10−6 1.22×10−6 5.31 9.14 3.83
11 2.5×10−3 1.35×10−4 − 2.61×10−6 2.41×10−6 − − 3.84
12 5.0×10−3 2.70×10−4 − 1.78×10−6 3.17×10−6 − − 3.82
13 7.5×10−3 4.05×10−4 − 1.37×10−6 3.58×10−6 − − 3.81
14 1.0×10−2 5.40×10−4 − 1.06×10−6 3.85×10−6 − − 3.83

Diluted HClO4 and NaOH were used to adjust the sam-
ple pH to 4. The ionic strength of the solutions was
0.1 M (NaClO4). After preparation, the samples were trans-
ferred into polyethylen vials (Packard Instruments B.V.,
Groningen, The Netherlands) and placed on an auto-
matic agitator for 24 h. Before measurements were con-
ducted, the pH value was checked again and adjusted if
necessary. A pH micro-electrode (U 402-M6-S7, Ingold
Meßtechnik GmbH, Steinbach, Germany) was used for
pH measurements.

Additionally, samples with varied uranium concentra-
tions in 0.1 M perchloric acid were prepared to check the
linearity of uranyl(VI) fluorescence intensity as a function
of concentration. Table 1 summarizes the composition of the
investigated samples.

2.2 Time-resolved laser induced fluorescence
spectroscopy

The time-resolved laser-induced fluorescence experiments
were performed with a Nd:YAG laser (GCR 230, Spec-
tra Physics, USA). For fluorescence excitation the fourth
harmonic wavelength (266 nm) of the Nd:YAG laser was
used, which is generated by an external frequency doubling
unit. To prevent photolytical degradation of the organic lig-
and, the pulse intensity was restricted to about 1 mJ. Time-
resolved mode was used to obtain fluorescence decay spec-
tra and to discriminate the fluorescence signal against the
laser pulse. A detailed description of the experimental setup
is given by Geipelet al. [24]. Spectra were recorded in 1µs
time steps starting from 0.2µs after the laser pulse. Fluores-
cence spectra were collected from 600 laser shots for every
single delay time.

2.3 Determination of fluorescence lifetimes and
deconvolution of emission spectra

To obtain the fluorescence lifetime constants of the in-
volved species, the spectra were analyzed with the program
“POLYLIFE”, developed in our group. A detailed descrip-
tion of the program is given by Brendleret al. [25]. The
general approach is to fit the fluorescence lifetime constants

and fluorescence yields as a function of the wavelength ac-
cording to the fluorescence decay equation:

AI,a,total =
b∑

a=1

AI,t0,a e− t
τa (1)

with A: integral fluorescence intensity of species ‘a’ for
the wavelength valueI at time t for gating time (1µs);
t: time after fluorescence excitation,a: number of fluores-
cent species,τa: fluorescence lifetime constant of species a.

The separate fit of fluorescence lifetime parameters for
each wavelength value allows the decomposition of super-
imposed single-species spectra. All spectra of one time-
resolved measurement were combined into a matrix which
was processed by the program. The fluorescence decay con-
stants were determined restricting the evaluated wavelength
range from 500 nm to 550 nm in order to avoid the influ-
ence of the lower signal-to-noise ratio at the beginning and
end of the spectra. In a second fitting step, the mean fluores-
cence decay constants were held constant but the wavelength
range was extended to cover the full range of the emission
spectra (450 nm–630 nm). The results are the mean fluores-
cence decay constants and the single species fluorescence
contributions.

In addition to the single component uranyl(VI) malonate
spectra obtained by the POLYLIFE fit procedure, the spec-
trum of the uranyl(VI) ion in 0.1 M perchloric acid and
the spectrum of UO2OH+ were used for spectra deconvolu-
tion. The spectrum of UO2OH+ was measured at a pH of
4.2 and a delay time of 10µs after the laser pulse. Con-
tributions of the single-species emissions to the measured
multi-component spectra were calculated using mixing coef-
ficients. The mixing coefficients were fitted to obtain a least-
square error between the measured spectra and the sum of all
single component spectra.

3. Results

The fluorescence spectra of the aqueous uranyl(VI) ion,
shown in Fig. 1, reflects the symmetrical vibration of
the U−O bond. The observed emission bands corres-
pond to the electronic transitionsS11 → S00 (473 nm) and
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Fig. 1. Comparison of fluorescence spectra of the free UO2
2+ aquo

ion and the uranyl(VI) spectrum at excess malonate concentration
([UO2

2+](total) = 5×10−6 M; pH = 4; I = 0.1 M).

S10 → S0ν with ν = 0–4 (488 nm, 510 nm, 535 nm, 560 nm
and 587 nm; [26] and [27]). The average vibronic splitting
energy of theS10 → S0ν transitions in our measurement is
νs = 864±22 cm−1 (1σ) and agrees well with the literature
value ofνs = 860 cm−1 [27].

With increasing malonate concentration a bathochromic
shift of the uranyl(VI) emission takes place and is attributed
to a uranyl(VI)–malonate complexation. The strongest shift
was observed at a high relative malonate concentration
and reaches a maximum of 7 nm (see Fig. 1). Additionally,
a strong enhancement of the fluorescence intensity and an
increased fluorescence lifetime occurs when the malonate
ligand is present.

The evaluation of the integrated fluorescence intensities
as a function of time show two decay components with
fluorescence lifetimes different from UO2

2+
(aq), indicating

the formation of uranyl(VI) malonate complexes. A typi-
cal biexponential fluorescence decay function is presented in
Fig. 2. As described above, the deconvolution of the meas-
ured spectra using the program POLYLIFE allows the sepa-
ration of the single-species spectra and the extraction of the
fluorescence decay constants as a function of the emission

Fig. 2. Least-square fit of biexponential fluorescence decay according
to Eq. (1). (Integrated fluorescence signal from 450 nm to 600 nm;
[C3H4O4](tot.) = 5.0×10−4 M.)
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Fig. 3. Fluorescence decay constants and separated single spec-
tra ([C3H4O4](tot.) = 5.0×10−4 M; τ1 = 1.14± 0.01µs, τ2 = 6.68±
1.97µs; errors (2σ) of τ1,2 are within plot symbols).

wavelength. In Fig. 3 the results of the POLYLIFE calcu-
lation for the sample with[C3H4O4](tot.) = 5.0×10−4 M are
shown. We observe two spectra which are significantly dif-
ferent from the uranyl(VI) aquo ion and also do not match
the spectrum of the species UO2OH+. Compared to the free
uranyl(VI) aquo ion the emission of the first uranyl(VI) mal-
onate complex is shifted for∼ 5 nm and∼ 7 nm for the
second uranyl(VI) malonate complex. However, the typi-
cal vibronic splitting of the uranyl(VI) aquo ion emission
remains.

The fluorescence decay constants of the first uranyl(VI)
malonate complex and the uranyl(VI) aquo ion have simi-
lar values. However, the second uranyl(VI) malonate species
possesses a fluorescence lifetime increased by a factor
of ∼ 4.

Fluorescence contributions of less than 10 percent cannot
be resolved by the fitting procedure, especially if the fluo-
rescence lifetime of the emitting species are similar. There-
fore, only samples with high ligand excess (> 2.5×10−4 M
total malonate) were used for the characterization of the
uranyl(VI) malonate spectra and fluorescence lifetimes.

The emission bands were fitted with a mixed Gaussian–
Lorentzian peak shape using the software GRAMS386
(Galactic Industries Corporation, Salem, USA). In Table 2
the results are summarized together with the calculated flu-
orescence decay constants and equivalent parameters of the
free uranyl(VI) ion and the first uranyl hydroxy species.

The calculated uranyl(VI) malonate spectra and the
measured spectra of UO2

2+ and UO2OH+ were used to de-
convolute the superimposed uranyl(VI) malonate spectra.
To reduce statistical deviations of each individual spectrum
resolved by the lifetime fit procedure, we obtained the char-
acteristic spectra for the uranyl(IV) malonate species by
averaging the corresponding spectra from all samples with
a total malonate concentration> 2.5×10−4 M. The rela-
tive fluorescence contribution of the free uranyl(VI) ion to
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Table 2. Emission band centers and FWHM (in parenthesis) and fluorescence lifetimes for uranyl malonates compared to UO2
2+ and UO2OH+.

Species Peak 1 Peak 2 Peak 3 Peak 4 Peak 5 Peak 6 τ ±2σ

[nm] [nm] [nm] [nm] [nm] [nm] [µs]

UO2
2+ 472 (10) 488 (19) 510 (12) 535 (15) 560 (14) 587 (20) 1.57±0.06

UO2OH+ 482 (14) 498 (15) 519 (17) 543 (22) 570 (25) 599 (19) 35±2
UO2C3H2O4

◦
(aq) 477 (10) 494 (11) 515 (13) 540 (12) 564 (18) 594 (15) 1.24±0.02

UO2(C3H2O4)2
2− 479 (9) 496 (11) 517 (11) 542 (12) 566 (18) 597 (15) 6.48±0.02

the overall spectra decreases as a function of time due to
the short fluorescence lifetime and comparatively low fluo-
rescence yield. Therefore, we only used spectra measured
after the first 200 ns delay step to deconvolute the spectra.
A significant amount of UO2

2+
(aq) fluorescence was found

for all samples. However, the UO2OH+ fluorescence in-
tensity did not exceed the residues of the deconvoluted
spectra. This indicates the insignificant concentration of
the species UO2OH+ present in our samples. Consequently,
the species UO2OH+ was excluded from all further data
evaluation. A typical result of a deconvoluted spectrum is
shown in Fig. 4.

The linear relationship between uranium concentration
and fluorescence intensity was investigated from 10−7 M to
10−4 M (Fig. 5). The linear calibration curve allows the de-
termination of the free uranyl(VI) ion directly from spectra
deconvolution results. Assuming that the fluorescence inten-
sity of the uranyl(VI) malonate spectra depends linearly on
their concentrations, the total fluorescence intensity of the
mixed spectrum can be expressed by the following equation:

Atotal =
n∑
a

A0,a ca , (2)
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Fig. 4. Spectra deconvolution and fluorescence maxima for deconvo-
luted spectra ([UO2

2+](total) = 5×10−6 M; [C3H4O4](tot.) = 10−3 M).
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Fig. 5. Integrated fluorescence intensity (450–600 nm) as a function of
total uranyl concentration (I = 1 M HClO4).

with Atotal: total fluorescence intensity of the multicompo-
nent spectrum,

A0,a: total fluorescence intensity of species a,
ca: concentration of species a,
n: number of species contributing toAtotal.

The concentrations for the uranyl(VI) malonate species were
obtained by a least-square algorithm, minimizing the sum of
squared errors of the uranium mass balance. The mass bal-
ance is given by (3):

[UO2
2+](total) =[UO2

2+](free) +[UO2C3H2O4
◦
(aq)]

+ [UO2(C3H2O4)2
2−] . (3)

The mass was calculated from the fluorescence intensity for
each species using Eq. (2). The calculated and analytical
uranium concentration agreed within three percent or less.
This confirms the assumption of a linear relationship be-
tween the fluorescence intensity and the concentration of
each species.

Corresponding to uranyl(VI) malonate speciation models
proposed in the literature [16–19], a complexation model of
1 : 1 and 1: 2 metal to ligand ratio was formulated:

UO2
2+ + C3H2O4

2− ⇔ UO2C3H2O4
◦
(aq) , (4)

UO2C3H2O4
◦
(aq) + C3H2O4

2− ⇔ UO2(C3H2O4)2
2−

, (5)

UO2
2+ + 2C3H2O4

2− ⇔ UO2(C3H2O4)2
2−

. (6)

The stability constants are calculated using the following
equations:
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β1 = [UO2C3H2O4
◦
(aq)]

[UO2
2+] · [C3H2O4

2−] , (7)

K2 = [UO2(C3H2O4)2
2−]

[UO2C3H2O4
◦
(aq)] · [C3H2O4

2−] (8)

β2 = [UO2(C3H2O4)2
2−]

[UO2
2+] · [C3H2O4

2−]2
or β2 = K2 +β1 . (9)

Because all experiments were conducted at pH 4, the in-
complete malonic acid dissociation must be considered. The
free ligand concentration was calculated using the following
protonation equilibria:

K1 = [C3H3O4
−] · [H+]

[C3H4O4] , (10)

K2 = [C3H2O4
2−] · [H+]

[C3H3O4
−] . (11)

The 1: 1 and 1: 2 uranyl(VI) malonate complexation leads
to the following mass balance equation for the total malonate
concentration:

[C3H4−xO4
−x](total) = [C3H4O4]+ [C3H3O4

−]
+ [C3H2O4

2−](free)+[UO2C3H2O4
◦

(aq)]
+2[UO2(C3H2O4)2

2−] . (12)

The combination of Eqs. (3,8,10–12) gives Eq. (13), which
is required to calculate the free ligand concentration in order
to determineβ1 andβ2 (Eqs. (7) and (9)).

[C3H2O4
2−] =




−K1 · K2 · (− [ C3H4−xO4
−x)(total)

+[UO2C3H2O4
◦

(aq)]
+[UO2C3H2O4)2

2−]




K1 · K2 +[H+] · K2 +[H+]2
.

(13)

The dissociation constants of malonic acid given by
Smith and Martell [28] were used after correction for
an ionic strength of 0.1 M using the Davis equation [29]
(pK1 = 2.74, pK2 = 5.22; I = 0.1 M).

Table 1 summarizes the calculated stability constants
and the species concentrations derived from spectra de-
convolution and Eq. (13). The validation of the postulated
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Fig. 6. Validation of uranyl(VI) malonate complexation by linear re-
gression analysis.

uranyl(VI) malonate complexation was performed by a lin-
ear regression analysis ([30, 31]). The general equation:

β = [UO2(C3H2O4)y
(2−2y)]

[UO2
2+](free) · [C3H2O4

2−]y
(14)

was rearranged and transformed into a linear expression:

log
[UO2(C3H2O4)y

(2−2y)]
[UO2

2+](free)

= y · log[C3H2O4
2−]+ logβy .

(15)

The slopey represents the metal to ligand ratio and indi-
cates the correctness of the applied complexation model.
Fig. 6 shows the linear regression analysis for 1: 1 and 1: 2
uranyl(VI) malonate complexation.

4. Discussion

Fluorescence parameters

The fluorescence lifetime and the position of the emis-
sion bands assigned to the free uranyl(VI) ion are in good
agreement with literature data for 0.1 M perchloric me-
dia ([1, 32–34]). For the system UO2

2+/C3H4O4/H2O no
published fluorescence data are available. The positions of
uranyl(VI) malonate emission bands are significantly differ-
ent from those for the free uranyl(VI) ion and uranyl(VI)
hydroxide species. However, the calculated fluorescence de-
cay constants of the species UO2C3H2O4

◦
(aq) and UO2

2+ are
similar.

The average vibronic splitting energy of the
UO2C3H2O4

◦
(aq) and UO2(C3H2O4)2

2− spectrum is νs =
852±27 cm−1 (1σ) and νs = 852±31 cm−1 (1σ), respec-
tively. The difference from theνs value of the uranyl(VI)
aquo ion is insignificant. We conclude that the typical lin-
ear uranyl(VI) ion structure is not impacted by the ligand
and the complexation takes place in the equatorial plane.
This assumption is supported by results obtained by EXAFS
measurements of uranyl(VI) complexes with carboxylic
ligands [35].

The fluorescence intensity of the first uranyl(VI) mal-
onate complex increased by a factor of 12 compared to the
free uranyl(VI) aquo ion and by a factor of 48 for the sec-
ond uranyl(VI) malonate complex. These values were calcu-
lated using (2), the integrated fluorescence intensity and the
species concentrations.

A direct correlation between fluorescence intensities and
fluorescence lifetimes could not be observed. Nevertheless,
we attribute the increase in fluorescence intensity and fluo-
rescence lifetime of the 1: 2 uranyl(VI)–malonate complex
to a reduced reactivity of the uranyl(VI) ion towards water as
a fluorescence quencher due to malonate complexation.

Stability constants

The validation of uranyl(VI) malonate formation confirms
the postulated complexation model and is depicted in Fig. 6
and the results are summarized in Table 3. The slope of
the regression functions is 1.11±0.04 (2σ) for the first and
1.04±0.04 for second complexation reaction. The slope de-
viations from 1 can be explained by the existence of a minor
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reaction logβ1 logβ2 log K2 slope of regression correlation
(±2σ) (±2σ) (±2σ) function (±2σ) coefficientR

I 5.36±0.06 − − 1.11±0.04 0.99
II − 9.20±0.06 − − −
III − − 3.84±0.04 1.04±0.04 0.99

I: [UO2
2+] + [C3H2O4

2−] ⇔ [UO2C3H2O4
◦

(aq)]
II: [UO2

2+] + 2[C3H2O4
2−] ⇔ [UO2(C3H2O4)2

2−]
III: [UO2C3H2O4

◦
(aq)]+ [C3H2O4

2−] ⇔ [UO2(C3H2O4)2
2−]

Table 3. Validation results for the pos-
tulated uranyl malonate complexation
at 0.1 M ionic strength.

Table 4. Literature data for complex stability constants of uranyl malonates, corrected to infinite dilution (I = 0).

logβ◦
x,y pH [UO2

2+](total) Ionic strength Temperature Experimental Reference
[M] [M] [◦C] method

4.38a 2.5–3.5 5×10−3 0.1 31 potentiometry [16]
8.39b

4.02a 2–6.5 not published 0.2 30 potentiometry [17]
7.75b

4.76±0.01a 2–5 8×10−4–1.6×10−2 1.0 25 potentiometry [18]
8.76±0.01b

4.52±0.01a not published 5×10−3–2×10−2 1.0 25 potentiometry [19]
8.58±0.02b

4.48±0.06a 4 5×10−6 0.1 23 TRLFS this work
7.42±0.06b

a: [UO2
2+]+[C3H2O4

2−] ⇔ [UO2C3H2O4
◦

(aq)];
b: [UO2

2+]+2[C3H2O4
2−] ⇔ [UO2(C3H2O4)

2−].

species which is impossible to resolve by TRLFS measure-
ments. Due to the incomplete dissociation of malonic acid
at a pH of 4, uranyl(VI) complexes with the first dissocia-
tion product may be possible. The attempt to include these
complexation products into the data evaluation was made,
but did not lead to meaningful results. A 5% analytical error
for the species concentrations leads to a change of the de-
termined complexation constants which is smaller than the
given 2σ error. This also suggests that undetermined species
do not exceed 5% of the mass balance.

Table 4 compares our stability constants with litera-
ture data. All published stability constants were corrected
to infinite dilution using the Davies equation [29]. Our
values agree well within their uncertainties with literature
values obtained at much higher uranium concentrations
than used in our study. Deviations are due to different ex-
perimental temperatures and slightly different dissociation
constants used for malonic acid. The experiments from
Athvaleet al. [17] and Rajan and Martell [18] are performed
under pH conditions from 2 to 6.5 and 2 to 5, respectively.
Their proposed models show no appropriate consideration of
uranyl(VI) hydroxide species which should not be neglected
at the high total uranium concentrations used for potentio-
metric measurements.

5. Conclusions

Time-resolved laser-induced fluorescence spectroscopy is
a sensitive tool to investigate the speciation of the uranyl(VI)
malonate system at low concentrations. The TRLFS method
allows to derive spectra arising from single species existent

in a multicomponent system. The evaluation of time-
resolved spectra as a function of emission wavelength per-
mits the separation of superimposed spectral bands and
gives the possibility to deduce single component spectra
from a complex fluorescence signal. Stability constants of
complex chemical systems can be easily calculated from
TRLFS measurements.
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